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ABSTRACT 
 
Intermodal terminals are critical elements in the total freight transportation chain. 
They provide the interface not only between modes, but also between shippers and 
carriers. Therefore, the performance of those terminals needs to be closely monitored 
and their operations optimised with respect to the two key performance areas, 
namely: customer service and operational efficiency. This paper deals with the 
development and use of computer simulation  models to be used in two types of 
terminal: conventional road/rail container transfer facility; and RoadRailer terminal 
facility. 
 
The major factors influencing terminal performance are briefly dealt with, together 
with some of the measures which can be used to monitor the level of performance in 
a given terminal. The paper provides a detailed description of the simulation models 
developed for the two terminal types, together with the results obtained when the 
models were used to predict operating performance under different resource 
scenarios. Three RoadRailer terminal options were simulated ranging from low to 
high levels of resources. The final decision regarding the most appropriate level of 
resources rests on a compromise between performance targets, trailer breakdown 
expectation and overall operating cost. 
 
It was found that containers are handled faster than RoadRailer trailers for train 
loading purposes. However, such comparisons do not take into account the full set of 
costs which are incurred when operating both types of terminals. The initial capital 
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costs, in terms of track and mobile equipment, are significantly higher in the case of 
conventional container terminals. 
 
 
 
INTRODUCTION 
In a country such as Australia, with vast distances between the major centres of 
activity, the need for efficient land transport systems is accentuated.  Australian rail 
transport is well placed to take a significant share of land transport for freight 
movements given the relatively long average hauls of the interstate freight market. 
The movement of containers by rail has seen a marked increase over the last decade.  
In 1989/90, some 0.5 million individual containers were handled by the five rail 
systems in Australia.   Containers carried 61 percent of the interstate rail tonnage in 
1989/90 (Industry Commission, 1991).  Container movements are mostly on flat 
wagons with double stacking on some corridors. Part I of the paper discusses the 
main factors affecting terminal performance and deals briefly with the measurement 
of intermodal freight terminal operating effectiveness. This is followed by an 
overview of the two types of terminal dealt with here, namely: the conventional 
road/rail terminal, and the RoadRailer terminal. Part II deals mainly with the 
development of computer simulation models to deal with the two terminal types 
discussed above. Finally, the results of applying the models to test the operating 
impact of changing terminal resources are presented and discussed. 
 
PART I - INTERMODAL TERMINAL  OPERATIONS 
Terminal costs, as well as delays in pick-up and delivery, have a significant 
detrimental impact on the ability of rail to compete with road (Ferreira and Otway, 
1993; Industry Commission, 1991; Bureau Industry Economics, 1993). From a 
customer service, as well as an operating efficiency viewpoint, train operations 
should be as simple as possible. This principle is represented by unit through trains 
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with single origin and single destination, run without any intermediate 
shunting/marshalling en-route. Point-to-point unit trains run without en-route 
marshalling capture a steadily growing share of the intermodal market. The basic 
requirement which dictates efficient utilisation of line-haul resources and quick 
turnaround time puts the terminal operation under pressure.  
 In Australia, trains typically arrive within a short span of time after an overnight 
journey to be unloaded during the morning hours and then, during the afternoon 
and early evening, loaded and dispatched. This pattern does not contribute to a 
balanced task and causes peaks and troughs in a terminal's resource requirements.  
 
CONTAINER TERMINALS 
Performance Factors 
A terminal should be seen as an integrated freight transfer facility which satisfies 
customers requirements with minimum capital and operating costs. The major 
factors influencing terminal performance are shown diagrammatically in Figure 1 
and include: the train operating plan; terminal operating strategies; lifting equipment 
fleet; management information systems; and the pattern and type of container lifting 
demand. These factors are discussed in detail by Ferreira and Sigut (1993). The 
factors used to evaluate a number of different options for terminal layout and 
operating strategies for a new container transfer facility are discussed by Goodwin ( 
1986).  The operating strategies within the terminal will have a major impact on 
overall performance. The main options will now be described briefly. 
 
Terminal Operating Strategies 
  Two main options are available for the storing of containers, namely: the use of 
skeletal trailers; and the use of ground storage. Figure 2 shows the two options as 
flow diagrams. Skeletal trailers, which are commonly used in U S terminals, do not 
require ground storage of containers. However, a trailer storage area is required. 
Trailers are placed next to the rail track in anticipation of a train arrival. Containers 
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are unloaded from rail car to trailer directly thus speeding up the handling process. 
Customers pick-up/deliver containers from/to a trailer storage area.  
The system of using a container storage area is used in Europe, Asia and Australia. 
Containers which are brought to the terminal on trailers are directly loaded onto cars 
or stored on the ground for later loading. This system causes a high ratio of the 
number of lifts to the number of containers handled. Container handling methods at 
road/rail terminals have been investigated in detail by Hejj (1983). 
 
Measuring Terminal Performance 
Most performance measures used in terminal monitoring are partial productivity 
indicators. That is, they are specific to certain types of inputs. Examples of such 
indicators are shown in Figure 3.  
Overall transit times and more importantly transit time reliability, are often cited as 
key mode choice decisions by customers, Industry Commission (1991) and Fowkes 
et. al (1991). Therefore, customer turnaround times and train departure times are 
critical indicators of terminal performance. In the context of customer service, it is 
important that customers be able to monitor the progress of their consignment; enter 
consignment details; pre-book space on trains; and obtain management reports at 
regular intervals.  
Other terminal performance indicators relate to plant and human resource 
productivity and operating costs per unit of output handled. A set of appropriate 
terminal performance measures is put forward by Ferreira and Sigut (1993. 
 
 
ROADRAILER - TECHNOLOGY AND OPERATIONS 
RoadRailer is the most successful representative of the "bi-modal" technology to 
date. This technology uses trailers with the capability of being hauled on road as well 
as on rail.  Although 'piggyback' trailers are also carried on rail and then move on 
road, there is a significant difference:  the bi-modal trailers are not carried on railway 
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wagons. The only part which still has remained from the wagon is one single 
detachable bogie per trailer; or a single rail axle permanently attached to the trailer. 
The RoadRailer exists in three different versions namely MARK IV, V and VI, of 
which the first two have been in operation for the last seven years. There are about 
1300 MARK IV trailers and 1200 MARK V trailers operated by US railways. In 1991 
there were 14 RoadRailer terminals in the US, running 90 trains per week and 
achieving some 120,000 revenue loads annually. The MARK IV version was 
introduced in 1985.  Its main feature is one single rail axle permanently attached to 
the trailer between the two road axles. This is equipped with air suspension which 
provides pneumatic means of transferring between rail and road modes. Trailers are 
coupled via a mechanism that drives a solid steel pin into a locked position securing 
tongue and socket in a slack-free, articulated connection.  MARK V is a two-piece 
system consisting of a rail-capable trailer and a special detachable low-profile high-
speed two-axle bogie.  The bogie and the trailer are mechanically locked together 
while in the rail mode. A pneumatic/spring system lifts/lowers the road axles to 
switch between road and rail - when on rail, the trailer's wheels are secured several 
inches above the rail head. The MARK VI version has a more sophisticated bogie that 
also incorporates the pneumatic suspension system.  This greatly simplifies design of 
the trailers making them cheaper and more reliable.  
After its arrival at the terminal, the train consist can be dismantled using a modified 
prime mover (with a hydraulically adjustable turntable and a powerful air 
compressor) which removes the trailers from the track and takes them to a parking 
area for collection by customers. The assembly process works in reverse, starting 
from the last trailer of the train consist.  A well-trained team of two men (a truck 
operator and a groundsman) can assemble one trailer (i.e. attaching it to the previous 
trailer and the intermediate shared bogie) in 4 to 6 minutes. 
In Australia, RoadRailer operations began practical testing on the Adelaide-Alice 
Springs corridor in 1990. Six different types of RoadRailer trailers are manufactured 
to satisfy various customers needs. When fully developed (around 1996/97) the 
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RoadRailer network in Australia is planned to have nine terminals, with some of 
them handling train consists of over 50 trailers. 
 
PART II - SIMULATING INTERMODAL TERMINAL OPERATIONS 
This section deals with the development of simulation models designed to assess the 
performance of two types of intermodal terminals, namely: RoadRailer terminals; 
and container transfer facilities. The latter were assumed to operate on the principle 
of ground storage of containers as defined in Part I.   
 
R O A D R A I L E R  T E R M I N A L  M O D E L  
In order to test several RoadRailer terminal operating scenarios, it was decided to 
develop a computer simulation model using an off-the-shelf simulation software 
package - 'Simview', which is primarily aimed at modelling manufacturing processes 
(Bridges and Grifith, 1994). This current application proved to be the first successful 
attempt at using this software to model intermodal terminal operations. 
 
Model development 
The task of assembling a train of RoadRailer units is usually more complex and time 
consuming than the disassembling process. For that reason, it was decided to build a 
simulation model to reflect train assembly conditions. 
The following major steps had to be undertaken before the complete model was 
built: identification of critical areas of operation; and definition of operating 
conditions. For a RoadRailer terminal the following critical areas were defined: 
acceptance point; trailer checking and parking area; manipulation area - representing 
the track and adjacent pool of rail bogies; train preparation area; and on-site trailer 
repairs area. Trailers delivered by customers are moved from the trailer park to the 
manipulation area to be attached to the bogies and subsequently assembled into a 
train. Each of these areas was defined as an individual sub-system in the modelling 
process. A brief overview of the model structure is given below. 
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Simulation Model Structure 
The simulation model makes use of a number of elements to build a complete set of 
events and processes. Those elements are defined below. 
Icons 
These symbolise participants in the operations such as labour and material resources. 
Icons  may also indicate some processes being modelled. For example, attaching a 
forklift spreader to a container is a process described using an icon. For the models 
described in the paper, it was necessary to define a large number of icons to describe 
each process and type of resource used. Two main types of icons were defined, 
namely: objects - stationary resources or processes ( eg. a pool of bogies); and items - 
resources which may move between objects (eg. trailers moving through the 
terminal entrance). 
 
Paths 
A path  defines a single sequence of events taking place between an item and one or 
more objects. A primary path is one that starts when an item first enters the 
simulation, and ends when the same item leaves the simulation. For example, a 
customer entering the terminal generates a path at the gate which ends at the 
manipulation site. At that stage the item ( eg. a loaded truck), is divided into two 
new items: one representing the empty truck, and the other the container left behind 
in the terminal. In this process two new paths are generated, one for each of the 
newly created items. It is also possible to define alternate paths. These can be seen as 
branches from primary paths. For example, a trailer which has been delivered to the 
terminal may proceed to be assembled ( primary path),  or it may require repairs ( 
alternate path). 
 
Flows and Interactions 
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A flow represents a set of all the paths available for each individual item. 
Interactions occur as items move from one object to another along their paths. The 
parameters to be used to simulate each interaction need to be user specified. For 
example, appropriate statistical distributions for specific time dependent interactions 
are required as input to each simulation.  
 
Systems and Sub-systems 
The complexity of the model developed to simulate RoadRailer terminal operations, 
required two levels for the basic model structure. The more general system 
representing the primary flows, had several sub-system which branched from it. 
Each of the critical sites within the terminal was represented by a sub-system which 
simulated a set of very detailed interactions.   
Operating conditions 
The following main operating conditions were defined for the RoadRailer model: 
delivery start-time, (the opening time at the entrance gate); the delivery cut-off time, 
(the latest time for trailer delivery into the system); the assembly cut-off time, (the 
latest time by which the last trailer must be loaded); train departure time; and the 
manipulation cycle time, (the time to complete all activities related with the 
manipulation area). 
In addition, it was assumed that the resources available will be sufficient to perform 
the simulated tasks in the terminal. Those resources are not specified in detail. For 
example, the assumed service rate for each type of mobile plant item is defined in 
advance and the model 'uses' the number of items necessary to complete the task. 
 
Main activities modelled 
For each trailer, the following four main terminal activities were modelled in detail: 
alignment of trailer and bogie (A); attachment of trailer to bogie (B); attachment of 
trailer to preceding trailer (C); and detachment of prime mover from assembled 
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trailer (D). Data was collected for each of these activities and a total of 120 
observations for each of the four activities were used to calibrate the model.  
Table I summarises the results obtained for the time taken to perform each 
individual activity. Activity C took an average of 204 seconds compared with 159 
seconds for activity B. This is due to the sensitive nature of the trailer attachment 
operation. The coupling devices of each trailer need to line-up well for the operation 
to be completed smoothly. There is a need to have well trained ground staff perform 
this activity. Activity A, whilst being relatively short and straight-forward, can have 
a major impact on the length of activity B. There is a need to have a good alignment 
between trailer and bogie. This can only be achieved if the prime mover driver is 
experienced in such work, and if the rail track is perfectly straight. 
 Figure 4 shows in detail the sequence of activities used to simulate the trailer 
manipulation cycle defined above ( Activities A to D). For each of the activities 
modelled it was necessary to select the most appropriate statistical distribution for 
service rates and arrival rates as applicable. The following distribution functions 
were found to best represent the available data: Travel time within the terminal - 
normal; assembly time of trailers - Erlang; and trailer failure rates - Weibull. 
 
Model results 
The minimum level of staff required to achieve a given target of finished train 
assembly time was evaluated using the model, by changing the assumptions 
regarding service rates of the individual activities within the terminal. 
The simulation model developed for a terminal was used to test the assembly of a 30 
trailer train, with a loading cut-off time of 7:30 a.m.; a delivery cut-off time of 7 a.m.; 
and a delivery start time of 5 a.m. The results of 30 simulation runs are shown in 
Figure 5, in terms of the simulated assembly finish time. Only on two of the 
simulation runs did the train assembly finish times approach the train assembly cut-
off time of 7:30 a.m. These results suggest that under real-life operating conditions 
where the risks of delays would be higher, the manipulations may not be completed 
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on time. There is considerable variation in the simulated assembly finish time which 
ranges from 2 to 48 minutes before  the loading cut-off time. This is due mainly to the 
variation in the trailer manipulation cycle time. Activity C in particular has a high 
standard deviation, due to the nature of the task. Overall the terminal is simulated to 
perform well, with an average assembly finish time some 25 minutes before the 
target.  
 
Options Tested 
The model has been used to test the performance of a terminal under different 
operating scenarios, as well as different assumptions regarding available resources 
and trailer breakdown rates. Three operating options were tested: 
 
- Option A. Low terminal resources assumed under this option. These resources 
consist of a prime mover, a forklift, one 'checker' and a two-man team repair crew. 
 
-Option B. Under this option a medium level of resources was assumed. The option 
A resources were increased by a second repair team; and 
 
-Option C. The level of resources was further increased by adding a second prime 
mover and a second 'checker' to option B resources. 
 
In addition, the impact of changing the assumptions regarding the level of expected 
trailer breakdowns was tested. Three levels of breakdowns were simulated, namely 5 
percent, 10 percent, and 15 percent of trailers suffer mechanical problems which 
require attention.  Since RoadRailers are technically more complex than road trailers, 
the breakdown probability needs to be tested. This is more important in the case of 
Australian RoadRailers which are mechanically more complex that their US 
counterparts.  
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The same assumptions regarding all other operating conditions were used in all 
three options so as to make the results comparable. For example, the total task; 
delivery start and cut-off times; and scheduled train departures were kept constant 
for all options.  
Two performance benchmarks were used to assess the performance of each option, 
namely: Mean time by which the train assembly is completed ( to be no later than 
9:15 a.m.); and the percentage of trailers assembled by 9 a.m. ( to be no less than 95 
percent).  
The results are summarised in Figures 6 and 7 which show the mean train assembly 
times and the percentage of trailers assembled by 9 a.m. respectively.  These results 
indicate that option A is likely to produce unsatisfactory performance under all 
breakdown assumptions. This low resources option is inadequate to meet the targets 
even under a low trailer breakdown assumption. A more detailed analysis of 
simulation results for this option revealed that the forklift performs adequately to 
maintain a continuous supply of bogies, and to assist with other tasks. It was found 
that a second prime-mover would provide much needed enhancement to terminal 
performance.  
 Under Option B the terminal performed satisfactorily only under the 5 percent 
breakdown assumption. If the breakdown levels are 10 or 15 percent, the resources 
assumed under option C will be required to achieve a high degree of train departure 
reliability. Under this latter option both benchmark targets are met, across all three 
trailer breakdown assumptions. The implications of these results for terminal 
planning are further discussed in the concluding section of this paper. 
 
C O N T A I N E R  T E R M I N A L   M O D E L  
For the purposes of modelling the operation of a conventional road/rail container 
transfer facility, the following key sites were defined: acceptance point 
(entrance/exit gate for customers); manipulation site (location where containers are 
loaded/unloaded onto/from rail cars); and train consist preparation site (rail track 
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where trains are assembled), where a set of procedures are performed before a train 
can depart. 
 
 
Main activities modelled 
The simulation model developed dealt with the activities taking place at the 
manipulation site. The following main activities were identified: Moving the empty 
spreader towards the container (A); attaching spreader to container (B); moving 
container to final destination (C); and detaching spreader from container (D). Figure 
8 shows the model sub-systems diagrammatically.  As in the case of the RoadRailer 
model, a total of 480 observations were collected ( 120 for each of the four activities 
defined above).  
Table II summarises the input data results obtained in terms of time taken to perform 
each activity. Activity A takes on average 67 seconds compared with 53 seconds for 
activity C. Activity A comprises a number of horizontal and vertical movements 
with the need for precise positioning. Occasionally, there is also the need to switch 
between top and bottom lift spreader mode. These two factors led to the relatively 
high mean service times and standard deviation for this type of activity. 
 
Model results 
Figure 9 summarises the results obtained after 30 simulation runs were performed 
using as an example a traffic task of 30 containers. The relatively large variation of 
the loading finish time ( minimum of 32 minutes and maximum of 62 minutes before 
the loading cut-off time) is a reflection of the manipulation cycle time variance. In the 
example shown, the simulation results confirm that all container manipulations were 
handled well within target for loading cut-off time. The spare time achieved in 
completing the task points to considerable spare capacity at the terminal. Based on 
extrapolation of the results obtained, it was estimated that the terminal could handle 
a maximum task of around 50 containers. As a comparison, with the same available 
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time a total of around 60 containers would be handled under the skeletal trailer 
operating environment.  
When the simulation results of the RoadRailer and container terminals are 
compared, we see that the mean loading finish time, for a train of 30 units, is some 15 
minutes longer in the case of the RoadRailer terminal. As discussed in the next 
section, it is necessary to include marketing and financial considerations when 
comparing these two types of terminal. 
 
CONCLUSIONS 
 Rail transport has the potential to increase its share of container based freight 
movements by using a mix of new technologies coupled with increases in labour and 
plant productivity. There are areas where rail works effectively in partnership with 
road based freight transport to the benefit of the end user. One such area is the use of 
RoadRailer technology. RoadRailer services are likely to succeed in selected market 
segments where they can exploit their distinct advantages, particularly high en-route 
load security, excellent riding quality and seamless transportation features.  
The paper described the development of simulation models for conventional 
container terminals, as well as RoadRailer terminal operations. As an example of the 
use of such models, the impact of changing operating resources at a terminal was 
investigated. Three RoadRailer terminal options were simulated ranging from low to 
high levels of resources. The least cost  option was seen as providing an inadequate 
level of performance in terms of pre-defined performance targets. This option cannot 
therefore be recommended for implementation.  If the level of trailer breakdowns 
can be kept to less than 5 percent, then the medium resource option satisfies the level 
of service targets. The most expensive option, involving the deployment of 9 staff, is 
recommended in cases where the expected trailer breakdown rate is 10 to 15 percent. 
The issue of trailer reliability is critical to the cost effective operation of a RoadRailer 
terminal. With a breakdown rate higher than 5 percent, a dedicated repair crew is 
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likely to be required. This raises the question of adequate levels of preventative 
trailer maintenance to ensure low risk of breakdowns.  
The final decision regarding the most appropriate level of resources rests on a 
compromise between performance targets, trailer breakdown expectation and 
overall operating cost. The latter needs to be compared with the likely financial 
contribution which the traffic will make above avoidable costs. The use of simulation 
as presented here should be seen as another tool to assess overall strategy when a 
new potential market needs to be evaluated. The results of the simulation models can 
be used in an operational sense to assess the feasibility of selective options. Those 
results can also provide estimates of operating costs for each level of performance. 
 It was found that for a comparable cycle of manipulations, containers are handled 
faster than RoadRailer trailers for train loading purposes. However, such 
comparisons do not take into account the full set of costs which are incurred when 
operating both types of terminals. The initial capital costs, in terms of track and 
mobile equipment, are significantly higher in the case of conventional container 
terminals. 
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Table I.  RoadRailer Manipulation Cycle Times 
     Time (Seconds) 
Activity1 Minimum Maximum Mean St. Dev 
A 8 22 14 4 
B 108 250 159 30 
C 154 292 207 32 
D 6 20 13 3 
All  299 539 394 45 
Note 1. Activities defined in the text. 
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Table II.  Container Manipulation Cycle Times 
     Time (Seconds) 
Activity1 Minimum Maximum Mean St. Dev 
A 41 107 67 17 
B 7 36 22 8 
C 20 99 53 20 
D 4 23 11 4 
All  82 237 154 29 
Note 1. Activities defined in the text. 
 
